Autonomous vehicles (AVs) hold considerable promise for maintaining aging adults' mobility as they develop impairments in driving skill. Nonetheless, attitudes can be a significant barrier to adoption as has been shown for other technologies. We investigated how different introductions to AV, video with a driver in the front seat, the rear seat, and a written description, affected attitudes, as well as how individual difference variables such as age, gender, prior knowledge, and personality traits predict attitudes within a middle-aged (Median age = 34, IQR = 20, n = 441) Amazon Mechanical Turk sample. The 16-item attitude survey uncovered three factors: Concern with AV, Eagerness to Adopt AV technology, and Willingness to Relinquish Driving Control. ANOVAs showed that only age (younger less concerned) and gender, (females more concerned) were significant factors in Concern with AV. Only gender affected Willingness to Relinquish Driving Control, with males more willing. Multiple regressions that included previous knowledge level and personality traits showed a different pattern. Female gender and greater conscientiousness were associated with greater Concern about AV. Prior knowledge of AV was associated with less concern. Emotional stability and openness to experience were positive predictors of Eagerness to Adopt AV, whereas conscientiousness was a negative predictor. Prior knowledge and openness to experience, positively, and extraversion, negatively, were associated with being willing to relinquish driving control. These results suggest that different information dissemination campaigns are needed to persuade consumers to adopt AV technology. We discuss potential approaches.
INTRODUCTION
Nearly 90% of all day trips in the United States are completed using a personal vehicle 1 . Given the emphasis on mobility with a personal vehicle, older adults' quality of life in countries such as the United States having weak public transit systems depends on their ability to drive (Coughlin, 2001) . Although today's older adults are driving more miles than past ones (Insurance Institute for Highway Safety, 2015) , most older adults eventually stop driving for themselves. Moreover, 20% of the global population will consist of older adults by the year 2050 (UN Department of Economic and Social Affairs, 2015) . Thus, ways of keeping aging adults safely in the driver's seat need to be identified.
Autonomous vehicles (AVs) potentially offer aging adults one way of staying in the driver's seat as these vehicles would do most if not all of the driving (Reimer, 2014) . A Pew study found that 75% of respondents anticipate the advent of AVs will help the elderly and disabled live more independent lives (Smith and Anderson, 2017) . Benefits from AVs might also extend to caregivers, reducing their loss of income resulting from interruptions in employment due to the need to provide transportation to non-driving older adults (D'Ambrosio et al., 2012) . Indeed, AV-related benefits to the United States economy have been estimated to approach $196 billion after accounting for increases in vehicle miles traveled, with this gain resulting from reductions of the number of crashes and the amount of time spent in congested traffic, as well as increases in parking savings (Fagnant and Kockelman, 2015) .
While these projected AV-related benefits are substantial, consumer acceptance of AVs was recently cited as the AV's "greatest constraint to growth" by United States Secretary of Transportation Elaine Chao (Hahm, 2018) . Attitudes toward AVs seem to be multi-faceted, with drivers acknowledging the potential benefits of AVs while also expressing concerns (e.g., Howard and Dai, 2014) . With respect to age, older adults are more hesitant about AVs than their younger counterparts (Missel, 2014; Payre et al., 2014; Duncan et al., 2015; Kyriakidis et al., 2015) , but this gap is decreasing, with younger adults voicing more concerns than they had in the past (Abraham et al., 2018) . With respect to gender, males have more positive attitudes toward AVs than females (Casley et al., 2013; Missel, 2014; Payre et al., 2014; Sivak, 2014, 2016; Kyriakidis et al., 2015) , and this may be due to males generally having higher levels of sensation-seeking-a factor related to the intention to use AVsthan females (Payre et al., 2014) . Additionally, more neurotic drivers are more concerned about data security in AVs than less neurotic drivers (Kyriakidis et al., 2015) . However, the other Big Five personality factors as well as locus of control-the degree to which people believe they have control over the outcome of events in their lives-are not predictive of a driver's intention to use AVs (Payre et al., 2014) .
The way that AVs are introduced significantly affects attitudes. Nees (2016) presented Amazon Mechanical Turk (MTurk) workers with vignettes about a close friend or family member's experience of AV ownership that were either idealized (e.g., the driver has little to no role when automation is active, and the automation successfully avoids collisions without the need for the driver's intervention) or realistic (e.g., describes a balance of positive and negative experiences with the automation, the need for the driver to monitor the automation and intervene to avoid collisions), and found that those that received the idealistic vignette reported higher levels of AV acceptance. The possible loss of access to vehicle controls that might arise with higher levels of automation, has been found to be a source of significant concern (e.g., Sivak, 2014, 2016) . Possibly having a fear of losing vehicle controls could be the result of the complete removal of the steering wheel and pedals, or because of the vehicle occupant's position in the vehicle. However, there was no study that directly investigated the relationship between attitudes toward AVs and a perception of losing vehicle controls and how the possible relationship are associated with individual difference factors.
Thus, the current study had two main aims. The first was to assess whether an experimental manipulation affecting level of concern for losing vehicle controls would affect attitudes toward AVs in combination with the factors of age (younger versus middle-aged adults) and gender, and particularly whether these factors would interact. We tested these hypotheses with a between-subjects ANOVA on attitude factors (see below).
Our second aim, in light of previous studies that have relied on very brief, global assessments of attitudes toward AVs, was to assess the complexity of attitudes toward AV through factor analysis of a 15-item survey of attitudes toward AVs. We used the obtained factor structures as dependent variables for testing the hypotheses in the first aim. When we found no interaction effects in the ANOVAs, we also conducted exploratory multiple regression analyses to examine the linear effects of gender, age, prior knowledge, personality, and introduction type on attitude factors.
MATERIALS AND METHODS

Participants and Procedure
We recruited 414 participants (United States residents only, age range = 18 -73, median age = 34, mean age = 37.14, SD = 12.79; 160 males, 254 females) via MTurk. After they completed our Florida State University's IRB-approved consent form (in accord with the Belmont report), we introduced participants to AVs by asking them either to: (1) view one of two video clips depicting an AV, or (2) read a description about an AV. Assignment to condition was randomized using a random number generator embedded in the task. Participants then completed a survey regarding their attitude toward AVs and then a survey regarding their personality traits. Participants then answered a few demographic-related questions, and were given a final item that tested attention to the experimental procedure. The script of procedures used in MTurk is available online on the Open Science Framework 2 . Before agreeing to participate, we informed participants that we were interested in their attitudes toward AVs and that they would have an opportunity to withdraw from the study at any time without consequence. The study took approximitely 15 min to complete and participants received $0.25 for completing it.
Materials
Description of AV There were three different introductions to AV: (1) a written description of AV technology (Appendix A), (2) a video with a passenger in the front driver seat, and (3) a video with a passenger in the rear seat. The videos showed an AV driving on a highway in normal driving conditions. The videos also showed the inside of the AV; thus allowing participants to see the passenger's location and how a cockpit works during automated driving. The rear-passenger video came from a laboratory developing various self-driving car technologies in South Korea and the front-passenger video came from a German car manufacturer. Both videos had no sound. The videos are available online on the Open Science Framework 3 . The written description provided information about AVs (e.g., definition of self-driving AV, features, how it works). Both videos and the written description took about 1.5 min to view/read.
Attidude Toward AV Survey
Participants first reported if they had ever heard of AVs before participating in the study. Participants then anwered 15 attitudinal items on AVs. Using a 10-point scale (1 = highly unlikely to 10 = highly likely), the first two attitudinal items estimated the likihood that participnats would ride as a passenger in a vehicle driven by either a taxi driver or automation. The remaining 13 attitudinal items measured participants' attitude toward AVs (e.g., comfort or concern on self-driving vehicle, willingess to adopt self-driving vehicle) on a 5-point scale (1 = strongly agree to 5 = strongly disagree). All 16 items in the survey are shown in Appendix B.
Personality Traits Survey
We assessed participants' personality traits using the Ten Item Personality Inventory (TIPI; Gosling et al., 2003) . Each of the 10 items started with "I see myself as" and ended with a personality characteristic (e.g., "I see myself as: Extraverted, enthusiastic"). Participants rated themselves on each item using a 7-point scale (1 = disagree strongly, 7 = agree strongly). For each participant, the survey produced a score for each one of the Big Five personality traits (extraversion, agreeableness, conscientiousness, emotional stability, openness to experience).
RESULTS
Factor Analysis of Attitudes
A principal components analysis with varimax rotation was conducted to identify underlying constructs of the 15 itemsexcept for the first item in the survey. There were three factors with an eigenvalue greater than 1. We named factor 1 Concern with AV because items (e.g., item 5, items 12-16) loading on it estimated respondents' level of concern with various types of self-driving vehicles. The factor loading of the items ranged from 0.57 to 0.80. Factor 2 was named Eagerness to Adopt AV because items that showed meaningful loading on it (e.g., item 3, 4, 6, and 7, loading range 0.73 -0.85) involved respondents' likelihood or level of comfort to adopt self-driving technology. Finally, the third factor was named Willingness to Relinquish Driving Control given that items (items 2, 9, and 10) loading on it involved 3 https://osf.io/9at7m/ respondents' willingness to ride a car driven by other agents or their perception whether technology is safe and competent enough to take driving control over from a human driver.
The eigenvalues of each factor and factor loadings were summarized in Table 1 . Based on these results, using SPSS, we obtained regression factor scores for all three factors and used them as dependent variables in the following analyses.
Analysis of Variance (ANOVA)
A 3-way ANOVA was conducted to compare the effects of different descriptions (a passenger in the front driver seat, a passenger in the rear seat, written description), age groups (younger and middle-aged), and gender for each factor. The two age groups were created based on a median split: 18 -34 (young adult), 35 + (middle-aged adult). Means and SDs are shown in Table 2 .
For Concern with AV, there was a significant main effect of gender, F(1,402) = 20.21, p < 0.001, η 2 = 0.05, indicating that female respondents reported higher Concern with AV. The main effect of age group on concern was also significant, F(1,402) = 6.13, p = 0.01, η 2 = 0.02, indicating that middle-aged respondents reported higher Concern with AV. However, there was no main effect of different introduction (p = 0.68) and no interactions among the independent variables (p = 0.13 ∼ 0.98).
The main effect of gender on Eagerness to Adopt AV was marginally significant, F(1,402) = 3.70, p = 0.055, η 2 = 0.01, suggesting higher Eagerness to Adopt AV in male respondents. The main effects of age group and different introduction were not significant (p = 0.09, 0.86). There was no sign of interaction on Eagerness to Adopt AV either (p = 0.13 ∼ 0.92). The main effect of gender on Willingness to Relinquish Driving Control was significant, F(1,402) = 6.40, p = 0.01, η 2 = 0.02, supporting higher willingness in male respondents. Neither the main effect of age group nor that of different introduction on willingness was significant (p = 0.34, 0.60). There was also no sign of interaction on willingness (p = 0.14 ∼ 0.70).
Regression Analyses
Given that no interactions occurred with the type of introduction to AV, we explored the linear relationships between attitude factors and predictors. A multiple-regression analysis was conducted to explore how personality traits and previous knowledge level would predict the three attitudinal factors toward AV over and above the independent variables (i.e., gender, age, and introduction type). Tests for multicollinearity indicated that there was a very low level of multicollinearity among the predictors (VIF = 1.03 ∼ 1.50). For the previous knowledge level, we generated a dummy variable based on item 1 (whether respondents ever heard of AV or self-driving vehicles before the survey: yes = 1 or no = 0). Interactions among the predictors were not included in the regression models given no evidence of interaction from ANOVAs.
First, the overall model to predict Concern with AV was significant, though accounted for less than 10 percent of the variance, F(9,404) = 5.71, p < 0.001, R 2 = 0.09. As shown in Table 3 , having previous knowledge lessened Concern with AV (β = −0.15, p < 0.01), whereas conscientiousness was associated with increased Concern with AV (β = 0.12, p = 0.03). Female gender was still associated with greater concern (β = −0.17, p < 0.01). Age and emotional stability were marginal predictors of Concern with AV (β = 0.10, −0.11, respectively, p = 0.06).
Second, the overall model to predict Eagerness to Adopt AV was significant, F(9,404) = 3.50, p < 0.001, R 2 = 0.07. Greater conscientiousness lessened Eagerness to Adopt AV (β = −0.14, p = 0.01), while greater emotional stability and openness to experience promoted greater Eagerness to Adopt AV (β = 0.14, 0.15, respectively, p < 0.05).
Finally, the model to predict Willingness to Relinquish Driving Control was also significant, F(9,404) = 4.99, p < 0.001, 
DISCUSSION
For this younger to middle-aged sample, the framing that AV received through our introductions did not affect attitudinal factors toward AV significantly, nor did framing interact with age and gender to impact the factors. Varying the passenger's seating position in introductory materials was not found to affect respondents' attitudes to the extent that the AV ownership vignettes used by Nees (2016) did. This could be because the videos showed safe interaction regardless of passenger seating position. However, consistent with previous findings, we replicated some significant relationships between age and attitudes toward AV as well as gender and attitudes. The age effects from the ANOVA are consistent with the general finding that older individuals are more concerned about AV technology that younger ones, here extending the age effect to a middle-aged sample. The gender effect tended to be significant across all three attitudinal factors, supporting higher Concern with AV, less Eagerness to Adopt AV, and less Willingness to Relinquish Driving Control in women.
The main contribution of our study was in delineating how attitudes toward AV technology cluster into different factors with differing patterns of relationships with age, gender, previous knowledge about AV, and personality. The factor of Concern with AV showed the strongest relationship to age with younger adults less concerned; to gender, with men less concerned; and personality traits, with conscientious people more concerned. These age and gender findings are consistent with evidence from previous survey studies in this area (e.g., Payre et al., 2014; Kyriakidis et al., 2015) , and the personality-related findings extend the literature on how different personality traits relate to AV-related attitudes. The respondents who had prior knowledge of AV also showed less concern with AV. Souders et al. (2017) found that greater familiarity with certain advanced driver assistance systems (lane departure warning, adaptive cruise control, and emergency braking systems) was predictive of willingness to use these systems.
Combined, these findings suggest that even limited exposure to advanced vehicle technologies is beneficial toward either allaying concerns (as the current study found with AV), and/or increasing usage intentions. Increasing familiarity with and/or exposure to these technologies seems like one of the best ways to reduce concerns and increase positive attitudes toward vehicle automation. Indeed, a deployment of a low-speed driverless shuttle in Minnesota in early 2018 found that 84% of passengers were apprehensive about AV prior to their ride, but 95% of passengers reported feeling safe during their experience (KSTP, 2018) .
The factor termed Eagerness to Adopt AV showed a mix of relationships with personality traits. Those higher in conscientiousness were less eager to adopt AV, those higher in openness to experience and with greater emotional stability were more eager. Conscientiousness is related to a need for personal achievement, order, and persistence (Costa et al., 1991) , and individuals high in conscientiousness are more likely to be conformists (DeYoung et al., 2002) . Regarding technology acceptance, conscientiousness has been found to moderate the relationship between subjective norms and the intention to use a technology (Devaraj et al., 2008) . In this light, it makes sense that individuals higher in conscientiousness show more reluctance to adopt a new and largely unproven AV technology that replaces their performance in the driving task (though it is noteworthy that conscientiousness was not a significant negative predictor of the Willingness to Relinquish Driving Control factor). Openness to experience has been found to be positively correlated to sensation seeking (Roberti, 2004) , which itself has been found to be related to intention to use AVs (Payre et al., 2014) . In addition to this, Devaraj et al. (2008) found that neuroticism (i.e., low levels of emotional stability) was negatively associated with the perceived usefulness of a new technology. Hence, the current study's findings related to the Eagerness to Adopt AV factor are consistent with previous work.
The third factor, Willingness to Relinquish Driving Control, also showed a mix of relationships. Those who had prior knowledge of AV were more inclined to give up control. Those higher in openness to experience were also more willing to relinquish driving control, whereas those higher on extraversion were less willing to abandon personal driving. As stated earlier, prior knowledge of AV was related to the Concern with AV factor, and it follows that prior knowledge might also be related to a greater Willingness to Relinquish Driving Control. Similarly, the positive relationship between openness to experience and the Eagerness to Adopt AV might also be in line with that between openness to experience and the Willingness to Relinquish Driving Control. However, it is unclear why extraversion was negatively associated with Willingness to Relinquish Driving Control. To further clarify possible mechanisms underlying the mix of associations, investigators need to see if the associations between personality traits and these attitudinal factors toward AV are replicated elsewhere.
As mentioned in the introduction, many researchers have argued that AV technology may hold the most benefit for older adults who can no longer drive safely. If AVs eventually drive better than the average driver and if older drivers can be encouraged to shift to AVs, given their greater vulnerability in traffic crashes, hypothesized age-related benefits may be realized. Nonetheless, in the United States, middle-aged and above drivers, those age 35-74 in our study, comprise 47% of the driving population, and numerically, suffered the greatest absolute burden from crash deaths, as seen in Table 4 . It is also worth noting that the middle-aged respondents in our sample are likely approaching or at their peak driving ability, which could affect how useful they perceive AVs to be in their everyday lives.
In 2016, 13,683 drivers age 16-34 were killed in vehicle crashes, whereas 18,877 drivers age 35 to 74 died. People age 65+ comprised 15% of the United States population and suffered 6,764 crash deaths. Hence the greatest societal benefits may accrue if the middle-aged population studied here can be convinced to leave driving up to an AV. As our results indicate, they may need more convincing to allay concerns. Particularly for Willingness to Relinquish Driving Control where age was not a significant factor, having more information about the safety of AV technology will be essential, though such information is difficult to get now given proprietary interests involved in AV technology development. Also, given the varying relationships to personality, particularly to extraversion, different information campaigns may be needed to persuade people to relinquish personal driving. A three-tiered approach seems warranted: (1) providing accurate, publicly verifiable information about safety to address such concerns, (2) providing information relevant to encouraging adoption stressing benefits (Melenhorst et al., 2006) for older drivers, and (3) providing arguments in favor of being driven, such as freedom to pursue social interests, such as safe social media use, for extraverts.
There are several caveats to these conclusions. First, the MTurk population is not representative of the general population, particularly for age, skewing too young, too female, and too educated, though with lower than average incomes (Paolacci et al., 2010) . In particular, the lack of older adults (e.g., age 65+) in our sample did not allow us to include a separate age group for older adults in ANOVA analyses and it might be one possible reason why an age effect was not prominent across our analyses. In 2018 in the United States, about a third of those age 65+ years do not use the Internet 4 hence their opinions are unlikely to be well represented here, even by the relatively few seniors who participate as MTurk workers. Further, MTurk workers, who register and provide labor for this service online, are perhaps more likely to embrace technology than the general population and hence show more favorable attitudes to AV, so we may be overestimating levels of acceptance. It is also worth noting that the data for this study was collected before 2018, where there has been a rash of negative press surrounding AV, including the first pedestrian fatality. Future studies should investigate 4 http://www.pewinternet.org/chart/internet-use-by-age/, accessed 6/15/2018 whether observed relationships in the current study involving prior knowledge of AV persist despite recent negative press. It is also worth noting that the source of prior knowledge might play a role in forming less concern with AV technology. Specifically, making decisions based on actual experience can make people underweight the probability of rare events (Hertwig et al., 2004) . Similarly, having actual prior experience with advanced driver assistance systems may decrease the perceived probability of an autonomous vehicle malfunction or accident, while getting only the description of AV technology (e.g., via media source) may increase the perceived probability of such events. However, here prior knowledge was a dichotomized variable, thus it did not allow us to track how the participants obtained prior knowledge of AV as well as differences in extent of knowledge. Future studies should investigate these relationships.
In sum, the current study examined how different types of introduction to AV technology influenced attitudes toward the new technology and how individual difference variables predicted the attitudes. We first captured different attitudinal factors toward AV technology, which allowed us to describe different roles of age, gender, previous knowledge level, and personality traits in predicting these attitudes. Our results suggest that information dissemination campaigns need to be sensitive to these differing attitudinal factors if middle-aged consumers are to be persuaded to adopt AV technology.
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